The insect attraction of Pyrus betulifolia, a drought-resistant pear species was studied in a Hungarian pear collection between 1998-2002. A detailed floral morphological description was made, including size, shape and colour of flower (secondary attractants). Flowers were homogamous, since both stigma receptivity and anther dehiscence began at the balloon stage, and continued synchronously afterwards. Dynamics of nectar and pollen production (primary attractants) were studied hourly. Nectar secretion could be detected from early morning to noon, the most intensive anther dehiscence was observed in the noon hours, coinciding with maximal nectar secretion in two of the years. The percentage of viable pollen grains was above 50% each year, which should be sufficient for successful pollination and attractive enough for bees. Flowers isolated for 12 hours produced very small amounts of nectar (1.6-2.7 µ µ µ µl/flower), with relatively high refraction values (13-17%). The nectar of P. betulifolia is hexose-rich, but also contains sucrose, in contrast with the majority of pears, which produce only glucose and fructose. The structural basis of floral nectar production is the receptaculo-ovarial nectary, being automorphic both at the apical and the basal part, stretching also along the style. The nectary epidermal cells are palisad-like, with meso-or xeromorphic stomata among them. The thick glandular tissue, which can be well distinguished from the parenchymatous tissue, consists of 3-8 cell rows. P. betulifolia proved to be highly attractive for bees, most probably due to its ample pollen offer and sucrose-containing nectar, and was accordingly visited by a large number of bees each year.
INTRODUCTION
Pyrus betulifolia Bge. belongs to the so-called East Asian pea pears, distributed in Northern and Central China (Challice and Westwood, 1973) . It is frequently used as a rootstock, known for its drought-resistance (Terpó, 1987; Sugar et al., 1999; .
The insect attraction of flowers borne on P. betulifolia trees was studied in a Hungarian pear collection in an arid continental climate. Among the factors that make a flower attractive for pollinators, nectar and pollen production comprise the primary attractants, since they serve as a food source for insects. Secondary attractants, including flower odour and visual factors, such as colour, shape and size of the flower, call the attention of pollinators to primary the attractants (Sedgley and Griffin, 1989) . Inter-and intra-specific variation in floral attraction may be of practical importance in the pollination of fruit trees, since attractants greatly influence the behaviour of pollinators, and hence pollination rates (Estes et al., 1983) .
The primary attractants of flowers are often not continuously available for insects, because the secretory activity of the nectary, as well as anther dehiscence may be limited to certain periods of the day. Nectar secretion dynamics in Maloideae (including the genus Pyrus) is often characterised by a 4-(5)-hour periodicity (Corbet et al., 1979; Scheid-Nagy Tóth, 1991; 2000; Orosz-Kovács et al., 1994; Szabó-Mühlenkampf, 1994; Farkas and Orosz-Kovács, 2002) .
MATERIALS AND METHODS
Two specimens of Pyrus betulifolia were studied in the pear gene bank of the Research and Extension Centre for Fruitgrowing, Újfehértó, Hungary, in the period 1998-2002. The climate of the research station is arid continental.
Floral morphology was studied with a magnifying glass. The following data were recorded every year: flower diameter (measured with a ruler), number of stamina and styles, colour of anther, pollen, stigma and nectary.
For the study of nectar secretion dynamics nectar was extracted hourly out of 15-20 numbered flowers. The amount of the secretory product was determined with calibrated microcapillaries, refraction was measured with a pocket refractometer. Besides nectar volume (µl) and refraction (%) the following parameters were recorded: time of sampling, air temperature (°C), relative air humidity (%), flowering stage, flower age (number of dehisced anthers, state of stigma) and the presence or absence of bees. The studied flowers were covered by an isolator net in order to prevent insect visits.
Volume and refraction of nectar was also determined after a 12-hour isolation of the flowers. Sugar value of nectar was calculated on the basis of the following formula: (nectar µl x refraction %)/100. Nectar sugar composition was determined by thin layer chromatography and densitometry.
For the histological study of the nectary, flowers were embedded into paraplast, then 3-5 µm thick sections were prepared with a sledge-microtome, and stained with toluidine-blue. The following parameters were measured by Image Tool 1.27: size and thickness of nectary, thickness of nectary cuticle and glandular tissue, size and shape of epidermal cells, size of nectar chamber.
Pollen viability was determined with the isatine staining method elaborated by Gulyás and Pálfi (1986) .
RESULTS AND DISCUSSION
Floral Morphology and Anatomy 1. Morphology of the Perianth. The size of the actinomorphic, pentamer flower was always one of the smallest amongst the 54, 16 and 27 studied pear taxa in 1998, 1999 and 2000, respectively, its diameter ranging from 29.1 to 31.4 mm ( Table 1 ). The calyx was green both on the ab-and adaxial side, as in several other pears. The petals of the open flower were white, like in other pear taxa, being pink, however, in the bud stage, which is not usually characteristic for pear. 2. Morphology of the Reproductive Organs. The number of stamina per flower was approximately 20, the mean being 20.9, 21.3 and 19.8 in 1998, 1999 and 2000, respectively (Table 1 ). The filaments were always white, whereas the anthers had an intensive purple colour each year. Pollen grains visible on freshly dehisced anthers were yellow. There were usually two light green styles per flower, but sometimes flowers with three styles could be detected (Challice and Westwood, 1973) . The stigma was green, with a viscous fluid on its surface in the receptive stage, belonging to the wet papillate stigma type (Heslop-Harrison and Shivanna, 1977; Stant, 1981) . 3. The Nectary. Pear nectar is produced in the intrafloral nectary, situated at the apical part of the ovary and lining the adaxial surface of the receptacle (Frei, 1955; Szilva, 1969; Farkas and Orosz-Kovács, 2001 ). The green nectary of P. betulifolia is automorphic, protruding both at the apical ( Fig. 1 ) and the basal part. The gland stretches along the style as well, with a thick glandular tissue (Table 1) . The epidermal cells are palisad-like, but they can be shorter next to stomatal guard-cells. Stomata are mesomorphic or slightly xeromorphic, the guard-cells being usually shorter than the adjacent epidermal cells (Fig.  2) . The secretory product moving towards the surface lifts up the cuticle, which finally ruptures. Sub-stomatal nectar chambers are generally small or medium-size (Table 1) , being triangular or having an irregular shape (Fig. 2) . The glandular tissue can be well distinguished from the nectary parenchyma, compared with the majority of pear microtaxa studied by the authors, where the small, dark-staining glandular cells are mixed with the larger, light-staining parenchymatous cells, yielding a mosaic-like structure (Farkas and Orosz-Kovács, 2001 ). Here the small glandular cells are arranged into 3-8 cell rows, then there is a gradual increase in cell size towards the nectary parenchyma (Fig. 2) .
Primary Attractants
Primary insect attractants, including nectar and pollen, provide the main food source of flower-visiting insects, therefore their presence or absence and their availability is of vital importance. 1. Dynamics of Nectar Secretion. Nectar secretion dynamics was studied hourly in various phenological stages in different seasons: end of bloom, full bloom and beginning of bloom in 1999, 2000 and 2002, respectively (Fig. 3) . In all seasons and blooming stages the flowers produced nectar only from early morning to noon, and not in the afternoon, which is similar to some other pear microtaxa (Farkas et al., 2002a; Farkas and Orosz-Kovács, 2002) . Possibly high afternoon temperatures and strong winds may have inhibited nectar production later in the day. In 2002 nectar secretion peaks appeared with 4-hour intervals, similarly to several other Maloideae taxa (Corbet et al., 1979; ScheidNagy Tóth, 1991; 2000; Orosz-Kovács et al., 1994; Szabó-Mühlenkampf, 1994; Farkas and Orosz-Kovács, 2002) . The amount of the secretory product was very low (0.2-1.1 µl/flower). Sometimes only the glistening surface of the gland indicated the presence of nectar (e.g. in 1999), which, however, may be sufficient from the point of view of insect attraction. According to the hourly measurements, refraction values were low. In the early morning hours in 2000 refraction varied between 2-6% in the individual flowers. Nectar became a bit more concentrated a few hours later, when the mean refraction value slightly exceeded 10%, and 16% was the maximum value measured in a flower. In 2002 mean refraction values remained under 10%. 2. Pollen Production. Although nectar production was scarce, the flowers were visited by a large number of bees. This may be due to the ample pollen on offer, because anthers dehisced with great intensity during the whole day (Fig. 3) . The peak of pollen shedding could usually be observed in the hottest noon hours (except for 2000, when both nectar and pollen production reached their maximum level between 9 and 10 a.m.), coinciding with maximal nectar secretion in two years.
Pollen quality was studied too, with the isatine staining reaction, based on the proline content of pollen. Pollen grains with higher viability, containing more proteins and amino acids, can be more attractive for bees. In the three years of study, the percentage of viable pollen grains was always above 50%, in one year exceeding 90% (Table 1) . 3. Apicultural Evaluation of Nectar Yield. Nectar production was also measured in flowers isolated for 12 hours. In both years of study, P. betulifolia produced a low amount of nectar (Table 1) , compared with other pear microtaxa, even in 1999, when out of 5 years of study the majority of studied cultivars gave the highest mean nectar yield.
According to some authors (Benedek and Nyéki, 1996) the amount of the secretory product is the most significant factor in attracting honeybees, sugar concentration being of secondary importance. According to Gulyás (1975) , however, the sugar content of nectar is the most important factor determining insect attraction. According to our studies, pear taxa producing high amounts of nectar had a diluted secretory product (Farkas et al., 2002b) whereas in the case of taxa with low nectar production, like P. betulifolia, higher refraction values (approaching, and in some flowers exceeding 10%) ensured insect attraction (Table 1) . 4. Nectar Sugar Composition. According to the hourly nectar measurements (see above), the flowers contained low amounts of nectar, which was measurable almost exclusively in the morning hours, but were visited by a large number of bees during the whole day. Besides the abundant pollen on offer, these high visitation rates may be due to the fact that this taxon contains sucrose in its nectar (Table 1) , in contrast with the majority of pears (Wykes, 1952; Farkas et al., 2002b) . Honeybees have been shown to collect sucrose-containing secretory products even at low concentrations (e.g. 4%; Örösi, 1968) .
According to the classification of Percival (1961) , pear nectar belongs to the fructose-glucose dominant group. On the basis of the sucrose/(glucose + fructose) quotient (S/G+F -Baker and Baker, 1983), most pear microtaxa are classified into the hexose-dominant group. Taxa which also contains sucrose in their nectar, including P. betulifolia, usually belong to the hexose-rich group, where S/(G+F) = 0.1-0.499 (Farkas et al., 2002b) . In 1999 S/(G+F) in the nectar of P. betulifolia approached 0.5, above which the secretory product would be classified into the sucrose-rich type, preferred by honeybees over hexose-type nectar (Table 1) .
Floral Biology
Stigma receptivity and pollen shedding were synchronous both in the balloon stage and the open flower, indicating homogamy. The stigma had turned brown by the time that stigmatic papillae lost their turgidity, in parallel with the cessation of secretion, which usually occurred after the majority of the anthers has dehisced. Stigma secretion and anther dehiscence had frequently already started in the balloon stage, compared with other pear taxa, where, in the case of homogamy, the activity of the reproductive organs begins only in the open flower (Farkas et al., 1997) .
Either in the balloon stage or the open flower the freshly dehisced anthers often lean towards the stigmata, making it possible for self pollen to get onto the stigma surface. Thus self-pollination is structurally possible, if compatibility relations do not exclude it. Cruden and Lyon (1989) have reported on a similar phenomenon, the so-called delayed autogamy, in basically self-fertile (facultative xenogamous) species. It is well known that in most cases pear flowers are self-sterile (Waite, 1894; Brózik and Nyéki, 1971) . The above characteristics referring to autogamy can be observed only in some of the flowers in a tree, which is of great significance, since these flowers can be pollinated in alternative ways, and in the absence of foreign-pollination the stigma still has a chance of receiving pollen.
CONCLUSIONS
P. betulifolia was visited by a large number of bees from morning to evening each year, which must be due to the continuous availability of good-quality pollen and the glistening surface of the nectary. Sucrose can rarely be found in pear nectar, therefore the presence of this disaccharide also makes the nectar of this taxon highly attractive for bees. The floral biological characteristics suggest the possibility of autogamy at this taxon. 
